Brain stem auditory evoked potentials (BAEPs) occur within 10 milliseconds of stimulus onset and represent a series of neural events occurring along the ascending auditory pathway. A normal response, shown in fig 1, consists of a series of waves with vertex-positive peaks which are numbered sequentially in Roman numerals.' As a result of experimental lesions in cats2 3 and pathological evidence from humans4-7 each of the BAEP waves has been considered to represent the activity from the auditory nerve (wave I), cochlear nucleus (wave II) at the medullopontine junction, superior olivary complex (wave I1I) in the caudal pons, lateral lemniscus (wave IV) and the inferior colliculus (wave V) in the mid brain. However, more recently it has been shown by animal experiments8 9 that each nucleus is likely to contribute to more than one wave in the BAEP. but the extrapolation of cat data to explain human Brain stem auditory evoked potentials in patients with multiple system atrophy27 In table 5 are shown the latencies of waves I, III and V on both left mastoid recording (Cz-Al) with left ear stimulation and right mastoid recording (Cz-A2) with right ear stimulation for all groups including normal subjects. It is clear from this table that the finding of significance is the prolongation of wave V latency in the group of patients with multisystem atrophy with progressive autonomic failure in contrast to all the other groups. Although the variance of this group is also increased, the FisherBehrens "d" statistic (d = 3 115) shows that there is a significant (p < 0 01) difference between the normal latency of wave V and that observed in patients with multisystem atrophy with progressive autonomic failure.
A response was considered abnormal if the latency of any of the waves fell beyond the normal mean by more than two standard deviations on stimulation of either ear. Similarly, if the mean amplitude of wave V was significantly smaller than that of wave I or III on repeated testing, the response was again considered to be abnormal.
Latency abnormalities
Using the above criteria, 13 of the 14 patients with multisystem atrophy with progressive autonomic failure were considered to have an abnormality. Wave I which was identified in a large number of the patients (13 of the 14) was within normal latency limits. Wave III was abnormally prolonged in three of the 14 patients. Wave V was delayed unilaterally in nine patients, with two having wave V absent contralaterally and the remainder, a normal contralateral wave V. In addition, one patient had wave V absent bilaterally, with another having absent wave V on one side and a normal latency wave V on the other. Thus 11 of the 14 patients with multisystem atrophy with progressive autonomic failure had an abnormality of wave V on at least one side. A detailed analysis of the various components of the BAEP for all patients with multisystem atrophy with progressive autonomic failure in terms of the latencies and absolute and relative amplitudes is given in the Appendix.
The central conduction time as measured between wave I and V was prolonged beyond the normal limit by more than two standard deviations in nine of the 14 patients with multisystem atrophy with progressive autonomic failure and was within normal limits in four of the 14 patients. Of the 11 patients with abnormal responses nine had bilateral abnormalities on both monaural and binaural stimulation. The duration of the symptoms was unrelated to the BAEP findings. The patient with the longest duration of symptoms had a normal response.
Amplitude abnormalities
The ratio of the mean amplitude of wave V to wave I was also used as a criterion for judging the response as it is a more reliable measure than absolute amplitude. It has been observed that wave V is always larger in amplitude than wave I in normals. In this study a ratio of 1-6 + 0 2 was established in the nor- mal control group. Using this criterion 13 of the 14 patients with multisystem atrophy with progressive autonomic failure had an abnormal ratio on stimulation of at least one ear, in six of whom the abnormality was bilateral. This is in complete contrast to the normal group and those patients with progressive autonomic failure alone. Of the patients with Parkinson's disease, only one of the 20 had a relatively smaller wave V than I. Another amplitude criterion which has been found useful20 is the ratio of the maximum birnaural amplitude of wave V to the maximum monaural amplitude. In normal subjects wave V is enhanced by an average of 67%21 on binaural stimulation from the monaural amplitude. Therefore the ratio in normals is 1 80 + 0 3. The values for this ratio across the four groups of patients tested are shown in table 6 which clearly indicates a lack of binaural summation in a majority of the patients with multisystem atrophy with progressive autonomic failure. This is primarily due to the mismatch in latency of wave V recorded from either side of the head.
Overall the amplitudes of all components of the response from patients with multisystem atrophy with progressive autonomic failure were much smaller than those observed in normals. In fig 2 are shown the histograms of the mean amplitude of wave V for the four groups of subjects tested. It clearly indicates a major reduction in the amplitude of wave V in patients with multisystem atrophy with progressive autonomic failure which is consistent across the patients within this group (indicated by the reduced variance). This reduction in the voltage level of the response and latency prolongation of waves III and/or V coupled with a distorted wave morphology characterised the majority of responses in multisystem atrophy with progressive autonomic failure.
Four patients who were retested after a period of 2-6 months were found to show no significant change in their responses over that period.
Six cases (four patients with multisystem atrophy with progressive autonomic failure, one with pure progressive autonomic failure, one with Parkinson's disease) are presented together with details of the neurological examination and standard investigation in order to assess how these relate to the abnormal brain stem potentials.
Case 1: DG: multisystem atrophy with progressive autonomic failure A 60-year-old retired civil servant was referred with a 3 year history of difficulty in initiating micturition for which he had a trans-urethral prostatectomy, which did not relieve his symptoms. He had been totally impotent for 3 years and had noticed difficulty with saliva dribbling from the corners of his mouth and poorly perfused hands and feet. Over the same period he noticed difficulty with manipulative skills using his hands and clumsiness of gait which had been getting progressively worse. He had collapsed to the floor several times but had lost consciousness on only one occasion. His voice had been rather monotonous over the last two years. There had also been episodes of hypoxia at night.
The patient had an expressionless face. The facial and pout reflexes were brisk. The left plantar response was flexor and the right equivocal. There was slight cogwheel rigidity at the wrists, more marked on the left than the right. He also had rapidly alternating movements impaired bilaterally. the interwave interval between wave I and wave V was prolonged beyond the normal limit. The earlier components to right ear stimulation and recording were absent but wave V was present although delayed. In The interval between waves I and III was prolonged beyond the normal upper limit but that between waves III and V was at the lower limit of normal. Wave V latency was just outside the upper limit of the normal range but its amplitude was significantly reduced relative to wave I. There was no enhancement of wave V amplitude on binaural stimulation despite the fact that the latencies of wave V on monaural stimulation were close to each other. In a normal subject, wave V amplitude increases on binaural stimulation by an average of 67% (22) DR  157  157  3-88 388  584 591  022 018  100 040  083 Key: -= Wave absent or undefined.
